The respiratory pathogen Chlamydophila pneumoniae can be detected in atherosclerotic vessels, but the mechanism of dissemination from lung to vasculature remains unknown. Disturbance of vascular shear stress is a risk factor for atherosclerosis. We investigated whether polymorphonuclear neutrophils (PMN) might serve as carriers, transmitting C. pneumoniae to endothelial cells and how this is affected by shear stress. PMN were prepared from blood and incubated with C. pneumoniae. Real-time PCR and Pathfinder staining showed that after 1 h, 20% of C. pneumoniae were ingested and started to form inclusions. When infected PMN were co-incubated with HUVEC for 96 h, 10% of PMN-ingested C. pneumoniae were transmitted to HUVEC as shown by PCR and confocal microscopy. Infection of HEp-2 cells with C. pneumoniae harvested from HUVEC resulted in C. pneumoniae replication and confirmed that the bacteria remained infective. Exposure to laminar shear stress in a rotating cone-and-plate apparatus did not affect the transmission of C. pneumoniae from PMN to HUVEC, but led to a 75% reduction of inclusion formation. This can explain the focal distribution of C. pneumoniae in the vasculature and links two risk factors of atherosclerosis, i.e. the lack of laminar flow and infection.
Introduction
Atherosclerosis is hallmarked by its focal nature, with atherosclerotic plaques mainly developing at certain artery geometries like bifurcations. Variance of the laminar blood flow (shear stress), like reduced or turbulent flow, is characteristic for these regions, and is supposed to predispose them to early alterations like inflammatory changes [1] .
The role of infection with the wide-spread respiratory tract pathogen Chlamydophila pneumoniae in the development of atherosclerosis has been under controversial discussion for years [2] . Most of the confusion stems from seroepidemiological studies and antibiotic treatment trials. Today, the number of reports showing an association of the anti-C. pneumoniae serostatus with coronary artery disease is equal to the number of reports that show the opposite. This can in part be explained by the use of different serological assays that differ in their validity and show large variations in sensitivity, which in consequence results in differently composed study groups [3, 4] . Furthermore, the presence of anti-C. pneumoniae antibodies does not necessarily indicate a persistently infected state but can also stem from a past infection. This is important to note since many treatment studies are based on serological stratification of study groups. Numerous clinical trials have examined the effect of anti-chlamydial antibiotics on the secondary prevention of cardiovascular events, but no benefit was detected [5] . Today it is seriously doubted that antibiotics are capable to eradicate persistent C. pneumoniae in atheromas. Firstly, it is questionable whether antibiotics can effectively penetrate the atheroma, and secondly persisting C. pneumoniae were shown to be resistant to antibiotic treatment owing to their low metabolic activity [6] .
The most convincing results come from animal models in which intranasal infection with C. pneumoniae accelerates lesion development and leads to localization of C. pneumoniae in the atheroma [7] . These studies are supported by proof of the presence of C. pneumoniae in diseased vessels, which was shown by various techniques including culture, implying that the bacteria are indeed still alive [8] .
It is still not clear how C. pneumoniae disseminate from the lung, the primary target tissue of infection, to the vessel wall. Circulating free C. pneumoniae have so far not been detected directly in the blood by PCR, but phagocytes and monocytes were suggested to be possible carriers in several in vivo [9, 10] and in vitro studies [11, 12] . Blood monocytes can be PCR-positive for C. pneumoniae and can disseminate the infection systemically in mice [10] , but in vitro infection of monocytes results in growth inhibition [13, 14] , making it unlikely that monocytes are appropriate to spread C. pneumoniae infections to other cell types. A recent publication has shown that PMN effectively take up but do not kill C. pneumoniae, which qualifies them as a possible vector system [15] .
In the present study we investigated whether PMN can serve as carriers, transmitting C. pneumoniae to endothelial cells. Since C. pneumoniae are almost exclusively detected in atheromas at the lesion-prone regions of the vessels, we investigated the protective effect of laminar shear stress on the prevention of endothelial cell infection.
Materials and methods

Propagation of C. pneumoniae
C. pneumoniae strain TW-183, a generous gift from Prof. Jens Kuipers (Division of Rheumatology, Medical School Hannover, Germany), was propagated in HEp-2 cells (ATCC CCL-23) as described [16] . Confluent layers of HEp-2 cells were infected with C. pneumoniae in Eagle's MEM (PAA, Coelbe, Germany) supplemented with cycloheximide (1 mg/l, Sigma, Deisenhofen, Germany), 5% heat-inactivated FCS (Biochrom, Berlin, Germany), 1% HEPES (PAA), 1% glucose (Sigma) and 1% non-essential amino acids (PAA). For infection, cells were spun at 1700 × g at 37 • C for 1 h. After incubation at 37 • C and 5% CO 2 , the infected monolayers were mechanically disrupted. Cell fragments were separated from the supernatant by a brief centrifugation step at 1700 × g. The supernatant, containing chlamydial elementary bodies (EBs), was removed and stored at −80 • C. To determine the yield of the EB, DNA was extracted using the DNeasy ® Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol and a C. pneumoniae-specific real-time PCR was performed as described previously [16] . Quantification of C. pneumoniae genome equivalents (GE) in the samples was performed using standard chlamydial DNA, consisting of 1.2 million base pairs per GE, weighing 1.3 fg. The detection limit of the PCR is one chlamydial GE per PCR run, i.e. 100 C. pneumoniae/ml. The PCR was confirmed by measuring C. pneumoniae IFU in infected HEp-2 cells.
Preparation of PMN
PMN were isolated from human blood obtained from healthy volunteers. Acute infections were ruled out by differential blood cell count (Pentra60, ABX Technologies, Montpellier, France). Buffy coat leukocytes were separated from the erythrocytes by dextran sedimentation (0.72% Dextran T500, Sigma). After pelleting erythrocytes, the supernatant was centrifuged for 7 min at 650 × g. The obtained pellet was re-suspended in 1× HEPES (PAA), centrifuged twice for 7 min at 650 × g and layered on a discontinuous Percoll gradient (Amersham Pharmacia Biotech, Uppsala, Sweden) consisting of four layers with densities of 1.093 g/ml (97%), 1.088 g/ml (96%), 1.072 g/ml (95%) and 1.059 g/ml (94%). After centrifugation for 15 min at 325 × g, the interface between the 94 and the 95% layer was collected and washed in 1× HEPES. The pellet was re-suspended in RPMI 1640 (Cambrex, Verviers, Belgium) with 10% autologous serum. All steps were performed at room temperature. The purity of PMN achieved by this method was 99% as determined by flow cytometry with a FACSCalibur (BD Biosciences, San Jose, CA, USA).
Preparation of PBMC
Peripheral blood mononuclear cells (PBMC) of blood from healthy volunteers were prepared using CPT TM Cell Preparation Tubes (Becton Dickinson, Franklin Lakes, USA) according to the manufacturer's instructions. Acute infections were ruled out by differential blood cell count (Pentra60).
Infection of PMN or PBMC with C. pneumoniae
Freshly isolated PMN (1 × 10 6 /ml) or PBMC (1 × 10 6 monocytes/ml) were co-incubated with C. pneumoniae at a multiplicity of infection (MOI) of 20 (i.e. 2 × 10 7 EB/ml) in 50 ml tubes (Falcon, Greiner) at 37 • C and 5% CO 2 . After 1 h, PMN or PBMC were washed once with medium, further incubated for 4 or 48 h and then PMN or PBMC were washed again thrice. Quantification of the bacterial load in PMN or PBMC was performed after DNA extraction from the third wash fraction or PMN or PBMC by C. pneumoniae-specific real-time PCR as described above.
For some experiments PMN were lysed by adding 1 ml of water for 1 min. The PMN remains were spun down by centrifugation at 1100 × g for 10 min. The concentration of bacteria in the supernatant was quantified by real-time PCR and used for further infection of HEp-2 cells as described above.
IL-8 ELISA
IL-8 was measured in the cell-free supernatants of PMN by in-house sandwich ELISA using antibody pairs against IL-8 (Endogen, Perbio Sciences, Bonn, Germany). Recombinant IL-8 standard was purchased from PeproTech, Tebu, Frankfurt, Germany. Binding of biotinylated antibodies was quantified using streptavidin-peroxidase (Biosource, Camarillo, CA, USA) and the substrate TMB (3,3 ,5,5 -tetramethylbenzidine, Sigma).
Endothelial cell cultures
Human umbilical vein endothelial cells (HUVECs) obtained from CellSystems (Remagen, Germany) were cultured in endothelial cell growth medium (EGM, Bio Whittaker Europe/Cambrex, Verviers, Belgium) supplemented with 10% heat-inactivated FCS (PAA), human epidermal growth factor (0.01 g/ml, Bio Whittaker), hydrocortisone (1 g/ml, Bio Whittaker), 1% gentamicin (Bio Whittaker), 1% amphothericin B (Bio Whittaker) and bovine brain extract (12 g/ml, Bio Whittaker). Cells were cultivated in 250 ml tissue culture flasks (Greiner) at 37 • C in the presence of 5% CO 2 .
Human coronary aortic endothelial cells (HCAECs) obtained from (Clonetics, Walkersville, USA) were cultured in endothelial cell growth medium (MV 2, PromoCell, Heidelberg, Germany) supplemented with 10% heat-inactivated FCS (PromoCell), human epidermal growth factor (5 ng/ml, PromoCell), hydrocortisone (0.2 g/ml, PromoCell), vascular endothelial growth factor (0.5 ng/ml, PromoCell), basic fibroblast factor (10 ng/ml, PromoCell), R3 IGF-1 (20 ng/ml, PromoCell), ascorbic acid (1 g/ml, PromoCell) and 1% gentamicin (Bio Whittaker). Cells were cultivated in 250 ml tissue culture flasks (Greiner) coated with 0.1% gelatine (Sigma) at 37 • C in the presence of 5% CO 2 .
Transmission of C. pneumoniae from PMN to HUVEC
PMN were infected as described above for 1 h. After one washing step, PMN were further cultured for 4 h and washed thrice. Then, the infected PMN or the PMN supernatant, were transferred to HUVEC, which were seeded at 2.5 × 10 5 cells/well in 12-well plates (Greiner) 24 h before, at ratios of PMN to HUVEC of 0.1:1 to 10:1. After 96 h of coincubation, the supernatant was removed and HUVEC were washed five times. DNA was prepared from wash fraction five and from harvested HUVEC and C. pneumoniae-specific real-time PCR was performed as described above.
Pathfinder staining
To visualize chlamydial inclusions, infected PMN were plated on plastic cover slips (Bibby Sterilin Ltd. Stone, Staffordshire, England) for 20 h. 2.5 × 10 5 HUVEC were seeded one day before and then co-incubated with C. pneumoniae-infected PMN for 96 h. After the incubation time the cells were fixed with methanol and stained with Pathfinder ® solution (Biorad, Munich, Germany) consisting of fluorescein-conjugated monoclonal anti-chlamydial lipopolysaccharide antibodies. Images of infected cells were taken by laser scanning confocal microscopy using a Zeiss LSM 510 Meta. The cells were visualized by their autofluorescence at 543 nm, C. pneumoniae inclusions were detected by excitation at 488 nm.
Application of shear stress
HUVEC were plated in 60 mm × 15 mm tissue culture dishes (BD Labware, Franklin Lakes, NJ, USA) 24 h prior to infection at 5 × 10 5 cells/well in EGM (Bio Whittaker). After addition of C. pneumoniae-infected PMN, HUVEC were exposed to laminar shear stress in a cone-and-plate apparatus as previously described [17] . A constant shear stress of 5 or 15 dyn/cm 2 at 37 • C and 5% CO 2 for 12 h or 96 h was used to simulate reduced or physiological levels of shear stress. If shear stress was applied for 12 h only, cells were washed twice and cultured further for 84 h. After 96 h, HUVEC were washed five times, harvested, and C. pneumoniae were quantified after DNA extraction from the fifth wash fraction and the HUVEC harvest by C. pneumoniae-specific real-time PCR as described above. HUVEC incubated with C. pneumoniae-infected PMN without shear stress exposure served as controls.
Some experiments were performed with C. pneumoniaeinfected PBMC instead of PMN. Therefore, C. pneumoniaeinfected PBMC were incubated with HUVEC at a ratio of 1:1 (HUVEC to monocytes) and were exposed to a constant laminar shear stress of 15 dyn/cm 2 at 37 • C and 5% CO 2 for 96 h.
Some experiments were performed with HCAEC instead of HUVEC. Therefore, HCAEC were plated in 60 mm × 15 mm tissue culture dishes (BD Labware) 24 h prior to infection at 5 × 10 5 cells/well in MV 2 (PromoCell). After addition of C. pneumoniae-infected PMN, HCAEC were exposed to a constant laminar shear stress of 15 dyn/cm 2 at 37 • C and 5% CO 2 for 96 h.
Statistics
Statistical analyses were performed using Graph Pad Prism Software, Version 4.0 (Graph Pad Software, San Diego, CA, USA). To compare two groups, a two-tailed unpaired Student's t-test was used. All data are given as means ± S.E.M. p ≤ 0.05 was considered significant.
Results
Infection of phagocytes with C. pneumoniae
To investigate whether PMN can serve as carriers transmitting C. pneumoniae to endothelial cells, PMN were prepared from human whole blood and infected with C. pneumoniae in vitro for 1, 4 or 48 h. To quantify the number of C. pneumoniae taken up by PMN, a C. pneumoniae-specific real-time PCR was performed. To avoid falsification of the results by free EB, the PMN were washed thrice before preparation of DNA. After 1 h, PMN had ingested about 20% of the available C. pneumoniae and an increase of the bacterial load from 1 to 48 h post infection as well as an increase in PMN life span was observed (Fig. 1a) , indicating that the bacteria were alive and able to replicate. In line with the publication by van Zandbergen et al. [15] , we measured IL-8, which was reported to increase the life span of infected PMN [18] , in the supernatant of infected and non-infected PMN after 48 h. The infection of PMN resulted in a 10-fold increase of IL-8 release compared to non-infected controls (0.22 ± 0.10 ng/ml versus 1.97 ± 0.31 ng/ml; n = 6, p ≤ 0.001). Pathfinder staining of the infected PMN revealed that almost all PMN contained C. pneumoniae inclusions after 20 h of infection (Fig. 1b) . How- ever, since previous papers had reported a strong bactericidal activity of PMN against C. trachomatis [19, 20] , we have further confirmed that the C. pneumoniae in PMN-inclusions were still infective. Therefore, the PMN were lysed after 4 h of infection by adding water and spun down by centrifugation. Different volumes of the supernatant were then used to infect HEp-2 cells. As shown in Fig. 1c , the infectivity of the supernatant increased by titering, confirming that the PMN indeed contained infective C. pneumoniae.
Infected phagocytes transmit C. pneumoniae to endothelial cells
To determine whether infected PMN could transmit bacteria to endothelial cells, we co-cultured C. pneumoniaeinfected PMN with HUVEC. PMN were infected for 4 h with C. pneumoniae, washed thrice and transferred to HUVEC in ratios of 0.1:1 and 1:1. After 96 h of co-incubation, stained C. pneumoniae inclusions were detectable in HUVEC by confocal microscopy (Fig. 2a) . To determine the num- ber of C. pneumoniae in HUVEC, DNA extraction and C. pneumoniae-specific real-time PCR was performed. To exclude falsification of the results by remaining PMN or free C. pneumoniae, the HUVEC were washed five times and DNA was prepared from the fifth wash fraction and as well analyzed by C. pneumoniae-specific real-time PCR. The fifth wash fraction was negative in all cases (data not shown). The transmission of C. pneumoniae to HUVEC correlated with the number of PMN used for co-incubation (Fig. 2b) . Control experiments confirmed that the PMN supernatant was not infective (data not shown). In both cases (ratio 0.1:1 or 1:1) about 10% of the C. pneumoniae that were contained in the PMN were transmitted to the HUVEC. Incubation of PMN with HUVEC in ratios between 0.1:1 and 10:1 showed that the transmission of C. pneumoniae from PMN to HUVEC can be further increased by using more infected PMN (data not shown).
The inclusions which developed in HUVEC after coincubation with C. pneumoniae-infected PMN appeared to be small and no significant replication of C. pneumoniae was observed after 96 h (18 ± 10 4 C. pneumoniae/ml after 24 h versus 33 ± 10 4 C. pneumoniae/ml after 96 h, n = 6, p > 0.05). To determine whether the C. pneumoniae in these inclusions were still infective, C. pneumoniae were harvested from HUVEC, diluted 5-fold and used for infection of HEp-2 cells. As indicated in Fig. 3 , C. pneumoniae were still able to infect and replicate in HEp-2 cells, leading to a 100-fold increase of the bacterial load after 96 h. Therefore, we conclude that the small chlamydial inclusions in HUVEC might represent morphological aberrant bodies, containing persistent rather than replicative C. pneumoniae.
Shear stress inhibits the PMN-mediated transmission of C. pneumoniae to endothelial cells
To investigate the effect of laminar shear stress on the transmission of C. pneumoniae-infection from PMN to HUVEC, HUVEC were co-incubated with C. pneumoniae- infected PMN for 96 h and exposed to physiological levels (15 dyn/cm 2) of laminar shear stress of during the whole period of co-incubation. The amount of C. pneumoniae in the HUVEC harvest was compared to that in HUVEC which had not received shear stress. As demonstrated in Fig. 4 , shear stress exposure led to a significantly reduced bacterial transmission from PMN to HUVEC. It was excluded by measuring host cell DNA that this result was due to varying numbers of HUVEC cells in the different wells. If the shear stress force was reduced from 15 to 5 dyn/cm 2 no significant inhibition of transmission of bacteria could be observed anymore.
Since monocytes are also discussed as potential candidates to disseminate C. pneumoniae to other organs the identical experiment was performed with C. pneumoniae-infected PBMC, instead of PMN. After 1 h, PBMC had ingested about 50% of the available C. pneumoniae, but transferred only 0.01% of the C. pneumoniae that were contained to the HUVEC during co-culture. Shear stress exposure, like in the case of PMN, led to a 4-fold reduction of bacterial transmission (data not shown).
In vivo, C. pneumoniae are exclusively detected in aortic endothelial cells. Therefore, we have reproduced the shear stress experiments using HCAEC instead of HUVEC. Coincubation of HCAEC with C. pneumoniae-infected PMN led to an even stronger transmission of C. pneumoniae to HCAEC than to HUVEC, which was, like for HUVEC, significantly inhibited by exposure to laminar shear stress (Fig. 4) .
Next, we asked whether the transmission of C. pneumoniae from PMN to HUVEC was inhibited in general under shear stress or whether the establishment of C. pneumoniae inclusions was inhibited by shear stress. For this purpose, HUVEC were co-incubated with C. pneumoniae-infected PMN with or without shear stress exposure for 12 h. After 12 h, shear stress was withdrawn and all cells were cultured further for 84 h to allow the completion of a whole infection cycle. After 96 h, no significant treatment-dependent difference between the amount of C. pneumoniae in the HUVEC could be observed (4 × 10 4 C. pneumoniae/ml without shear stress versus 3 × 10 4 C. pneumoniae/ml with 12 h shear stress, n = 5, p > 0.05), indicating that shear stress exposure did not inhibit the transmission of C. pneumoniae from PMN to HUVEC and thus must interfere with the formation of C. pneumoniae inclusions. This conclusion is further supported by our finding that shear stress exposure of HUVEC that were first incubated with infected PMN for 12 h without shear stress, is still able to significantly reduce inclusion formation (data not shown).
Discussion
Atherosclerosis is widely regarded as an inflammatory disease, but the precise initiators and sustainers of inflammation are still unknown. A role of the respiratory tract pathogen C. pneumoniae as risk factor for atherogenesis has been discussed for two decades now. It is tempting to speculate that C. pneumoniae, which infect the vessel wall, lead to the activation of otherwise resting endothelial and smooth muscle cells, unbalancing vascular homeostasis and contributing to sustained inflammation. However, the route of dissemination of C. pneumoniae from the lung to the vasculature is unclear. Here we demonstrate that PMN can serve as carriers for C. pneumoniae, transmitting the bacteria to endothelial cells, leading to intracellular inclusions, which contain viable C. pneumoniae. Control experiments with gradient-purified C. pneumoniae had been performed to exclude that remaining HEp-2 components led to falsification of the results. Furthermore, this development of inclusions is diminished by exposure to laminar shear stress, which can explain the focal distribution of C. pneumoniae in the vasculature, since atherosclerotic lesions develop mainly at sites of disturbed laminar shear stress.
The association of C. pneumoniae infections with atherosclerosis is mainly supported by animal models, which provide causal evidence [7] and by direct detection of the pathogen in the lesions [8] . These studies demonstrate the presence of infective C. pneumoniae in the vessel wall, although they cannot explain whether and at what stage they might contribute to the pathogenesis of atherosclerosis. Several in vitro studies have reported the profound pro-inflammatory effects of C. pneumoniae infections on atherosclerosis-relevant cells like monocytes, endothelial and smooth muscle cells [21] [22] [23] [24] [25] . Furthermore, key events in atherogenesis have been associated with the presence of C. pneumoniae, like the oxidation of low density lipoprotein by C. pneumoniae-infected endothelial cells [26] , the enhancement of the inflammatory action of oxidized low density lipoprotein [27] or the stimulation of reactive oxygen species in platelets by C. pneumoniae [28] . In vivo, C. pneumoniae were detected in endothelial cells [29] , smooth muscle cells [30] and in T-lymphocytes located in the atherosclerotic plaque [31] . The C. pneumoniae burden in carotid arteries was shown to be associated with upregulated levels of plaque IL-6 and serum C-reactive protein [32] . Taken together, these results implicate that the presence of C. pneumoniae in vascular cells or in immune cells, which have invaded the inflamed tissue, contribute to sustained stimulation of inflammation.
To date it is unclear, how C. pneumoniae, which infect primarily the epithelial cells of the upper respiratory tract, reach the large arteries. PMN are immune cells with the most potent phagocytic and anti-bacterial activity and are recruited rapidly and in large numbers to the site of infection. Indeed, as demonstrated in the present study, in vitro co-culture of PMN with C. pneumoniae results in the uptake of bacteria, which can then be transmitted to endothelial cells by simple co-incubation. In contrast, PBMC, which are also able to potently ingest C. pneumoniae, are much less effective in transmitting C. pneumoniae to the endothelial cells. It is surprising that phagocytosis of C. pneumoniae does not result in killing of the bacteria by PMN, but rather in multiplication of the pathogen and in a prolonged half-life of the PMN, making them suitable shuttles. These in vitro results are further supported by an in vivo study in which intranasal infection of mice with C. pneumoniae resulted in the recruitment of PMN into the lungs and in subsequent C. pneumoniae infection of PMN. In that model, C. pneumoniae did not only replicate in PMN, but PMN also enhanced the replication of C. pneumoniae in bronchial epithelial cells [33] . It is not known whether PMN, after entering a tissue, can re-enter the blood circulation. Due to their normally short half-life of a few hours, this seems rather improbable. However, in vitro infection with C. pneumoniae extends their half-life up to two days and leads to autocrine IL-8 production, which was first reported by van Zandbergen et al. [15] and confirmed here. It might be further speculated that C. pneumoniae induce a redirection of PMN towards the vasculature. So far, no study has investigated whether circulating PMN in humans might carry C. pneumoniae. Most monocyte studies were done with blood monocytes from healthy volunteers or patients with coronary artery disease. In case of PMN, it seems reasonable to investigate blood PMN from patients with an acute respiratory tract infection, since at this time point the infiltration of PMN and the chance for C. pneumoniae uptake and distribution should be maximal.
The fact that the PMN-and PBMC-mediated infection of endothelial cells can be efficiently prevented by exposure to laminar shear stress is a reasonable explanation for the focal distribution of C. pneumoniae in the vasculature and represents another important piece to the puzzle. It is suggested that C. pneumoniae-infected PMN or PBMC can be targeted to the vessel wall, but that infection is normally prevented by the laminar blood flow. Together with results from in vitro and in vivo studies this argues for a causal role of C. pneumoniae in atherogenesis, but this conclusion still remains speculative.
Prolonged laminar shear stress has been shown to generate an anti-oxidant, anti-proliferative, anti-apoptotic and pro-differentiative endothelial cell type via the regulation of gene transcription [34] . In "lesion-prone regions", these beneficial effects of laminar shear stress are reduced. As demonstrated, shear stress exposure does not prevent the transmission of C. pneumoniae to endothelial cells but does inhibit the establishment of inclusions. Therefore, it is less like that the regulation of endothelial surface molecules, like adhesion proteins, by shear stress is responsible for the effect. It is known that, shortly after infection, C. pneumoniae starts to influence host cell metabolism, especially redirects its energy sources and induces rearrangements of the cytoskeleton [35, 36] . Whether effects like these are prevented by shear stress remains to be investigated. The hypothesis that deviations from the laminar blood flow render the vasculature more susceptible to C. pneumoniae infection also supports the possibility that vascular infection occurs as an early event in atherogenesis. Otherwise the focal distribution of C. pneumoniae can only be explained by secondary bystander effects, preferentially infecting already diseased tissue. This seems less likely since C. pneumoniae, as intracellularly replicating energy parasites, need healthy tissue for efficient multiplication.
In conclusion, this study links for the first time two putative risk factors for the initiation of atherogenesis, i.e. lack of laminar shear stress and infection of endothelial cells with C. pneumoniae, and explains both a possible route of infection and the selective localization in atherosclerotic lesions.
